Acridine orange (AO), a cationic dye, has been the subject of extensive studies in recent years because of its metachromatic staining properties with cell constituents (Bertalanffy and Bickis, 1956; Armstrong and Niven, 1957; Anderson, 1957; Debruyn and Smith, 1958) and, more recently, because of its binding by polyelectrolytes, such as ribonucleic acid (RNA), deoxyribonucleic acid (DNA), and other negatively charged polymers (Peacocke and Skerrett, 1956; Beers, Hendley, and Steiner, 1958; Bradley and Wolfe, 1959; Steiner and Beers, 1959; Ranadive and Kargaonkar, 1960; Boyle et al., 1962) . The biological effects of AO, which include the photodynamic and mutagenic actions of the dye, constitute another large area of research interest (Hill, Bensch, and King, 1960; Duijin, 1960; Hirota, 1960; van Duijin, 1961; Orgel and Brenner, 1961) .
A shift of the absorption peak of the dye from 495 to approximately 465 m,u is attributed to stacking of the dye molecules in dimers or linear polymers, either in solution or along the polymer to which the dye molecules are bound. RNA in vitro and in cells produces such a spectral shift of the dye (Bertalanffy and Bickis, 1956) . A shift of the absorption peak to approximately 502 m,u and the marked increase in fluorescence of the dye are attributed to the formation of singly bound dye-polymer complexes at random points along the polymer chain or possibly at specific sites. DNA in vitro and in cells gives this spectral shift to AO (Peacocke and Skerrett, 1956) . However, studies with purified solutions of RNA, DNA, and synthetic polynucleotides showed that the color shift is also dependent upon the ratio of dye bound to dye-binding sites of the particular polymer and, in the case of DNA, the physical state of the polymer (Beers et al., 1958; Bradley and Wolfe, 1959) .
The majority of tissue and bacterial staining studies published did not include correlation of the staining characteristics with adsorption isotherms of the dye-binding process. Vinegar (1956) described some studies with tissue cultures in which the color shift of the dye was qualitatively correlated with the extent of dye binding. Venetta and Shure (1961) (Fleming, 1922) (Beers, 1955 (Beers, 1960) . Concentrations were estimated from the optical density at 495 m,u (Beers, 1960) .
Adsorption isotherms. In a typical adsorption isotherm experiment, 2-ml samples of cells ranging in concentration from 20 ,ug to 4 mg/ml were mixed with 2 ml of a buffer in a centrifuge tube; 2 ml of AO in distilled water, ranging in concen- (Fig. 3) ing. The cells which have lost most material have the appearance of hollow orange-stained cylinders.
In Fig. 6 to a pair of bound dye molecules, and (c._1) and (ca) are the respective concentrations of dye molecules bound adjacent to pre-existing bound dye molecules stacked in arrays of n -2 and n -1 units.
Implicit in these definitions is the assumption that only the dye molecules at the end of the linear array of stacked dye molecules may dissociate from the bacterium. In other words, the probability of a dye molecule dissociating when sandwiched between two bound dye molecules is small enough to permit us to ignore this possibility.
The total concentration of dye molecules bound to the bacteria as part of the linear series is In Fig. 9 Divalent cations were shown to depress the formation of singly bound dye-polyadenylic acid complexes , to enhance the formation of stacked-dye polymer complexes at the expense of the single-bound complexes, and to increase the concentration of free dye in equilibrium with the dye-polymer complexes. There is, however, no apparent net increase in the quantity of dye bound by the polymer. It is not known whether Mg increases the extent of dye binding by DNA. The mechanism by which Mg increases the binding capacity of the cells is not apparent.
Blockage of dye binding by formaldehyde appears to be related exclusively to the interference of the dye stacking process. This is similar to the situation observed upon treating polyadenylic acid or RNA with formaldehyde (Steiner and Beers, 1959) , which results in a steric hindrance by the methene group when attached to the 6-amino groups of adenine. Substitution of the amino group to give polyinosinic acid does not block the stacking process.
The question remains as to the identity of the sites of the bacterium responsible for the green or orange staining. The 
